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(57) ABSTRACT

The invention concerns a Back focus adjusting module (3) for
acamera comprising a supporting structure (6), a linear actua-
tor (11) with a motor (10), a gear mechanism (8) and a
component carrier (7), whereby the gear mechanism (8) con-
verts a rotational movement of the motor (10) into a linear
motion and displaces the component carrier in a linear direc-
tion (9), a spring component (2) for biasing the component
carrier (7) in a direction opposite to the linear direction (9), a
slider (30) with at least one optical filter (314, b), whereby the
slider (30) can be (1) slid in a guiding slot (32) of the back
focus adjusting module (3) between at least two sliding posi-
tions in a sliding direction (33), whereby the spring compo-
nent (2) provides a guiding surface (344, b, c¢) of the guiding
slot (32) for the slider (30).

18 Claims, 6 Drawing Sheets
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1
BACK FOCUS ADJUSTING MODULE AND
CAMERA WITH THE BACK FOCUS
ADJUSTING MODULE

STATE OF THE ART

The invention relates to a back focus adjusting module and
a camera with the back focus adjusting module. More spe-
cifically the invention relates to a back focus adjusting mod-
ule comprising a supporting structure, a linear actuator with a
motor, a gear mechanism and a component carrier, whereby
the gear mechanism converts a rotational movement of the
motor into a linear motion and displaces the component car-
rier in a linear direction, a spring component for biasing the
component carrier in an direction opposite to the linear direc-
tion, and a slider with at least one optical filter, whereby the
slider can be slid in a guiding slot of the back focus adjusting
module between at least two sliding positions in a sliding
direction as well as to the camera with that back focus adjust-
ing module.

Surveillance systems usually comprise a plurality of sur-
veillance cameras and a surveillance control center, which are
connected over a private or public network to exchange
images, video streams or metadata with each other or with the
surveillance control center. Such surveillance cameras should
be small, robust, trouble-free and low-maintenance.

A respective camera system or surveillance network is for
example disclosed in the document DE 10 2007 001 649 A1.

DISCLOSURE OF THE INVENTION

The invention relates to a back focus adjusting module with
the features of claim 1 and to a camera with the features of
claim 10. Preferred or advantageous embodiments of the
invention are disclosed by the dependent claims, the descrip-
tion and the figures.

The subject-matter of the invention is a back focus adjust-
ing module, which is adapted to adjust the distance between
an image capturing unit, for example a CCD- or CMOS-chip,
and an object lens of the camera. Such back focus adjustment
is useful to increase the sharpness and/or contrast of images
projected on the image capturing unit by the object lens.
According to the invention the image capturing unit is moved
in a linear direction in the back focus adjusting module to
adapt the distance. Preferably, the linear direction is parallel
or identical to the viewing direction of the camera and/or the
optical axis of the object lens and/or perpendicular to the
surface extension of an image sensor in the image capturing
device.

The back focus adjusting module comprises a supporting
structure, which is for example made of plastic and may be
molded, especially injection molded. The supporting struc-
ture defines a basis for other parts of the back focus adjusting
module. Preferably, the supporting structure is arranged sta-
tionary or fixed in or on the camera and is realized as a
housing.

Attached to the supporting structure is a linear actuator
with a component carrier for carrying the image capturing
unit as the component. Optionally, the image capturing unit is
part of the back focus adjusting module. In general, the com-
ponent carrier may comprise a plurality of separate parts. In
order to facilitate the assembly of the linear actuator, it is
preferred that the component carrier is formed integrally or as
one-piece, for example as a molded, especially injection
molded part made of plastic. The linear actuator further com-
prises a motor and a gear mechanism, whereby the gear
mechanism converts a rotational movement of the motor into
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a linear motion and displaces the component carrier and thus
the image capturing unit in the linear direction to adjust the
distance between the image capturing unit and the object lens.

The linear actuator is adapted to displace and/or press the
component carrier in the linear direction especially towards
the object lens. For retracting the component carrier in the
opposite direction and/or for holding the component carrier in
apre-loaded contact with the gear mechanism, a spring com-
ponent is provided, which biases the component carrier in
said opposite direction. Especially, the spring component is
adapted to press the component carrier in said opposite direc-
tion.

The back focus adjusting module further comprises a slider
with at least one optical filter. In a possible embodiment of the
invention, the slider holds two filters, a IR-filter (infrared) and
a dummy-filter, for example a glass plate. In operation the
IR-filter is used at night and the dummy-filter during the day.
By using the dummy-filter the optical paths during night and
day operation are equal. Further filters may be mounted on the
slider. The slider is preferably driven by a sliding motor. In
order to place the optical filter or filters in position, the slider
can be slid in a guiding slot of the back focus adjusting
module between at least two sliding positions. The guiding
slot crosses the optical path between the object lens and the
image capturing unit, so that the filter(s) can be placed in the
optical path.

According to the invention, the spring component provides
a guiding surface of the guiding slot for the slider. Thus the
slider contacts the guiding surface of the spring component
during sliding and/or in the sliding positions.

It is one finding of the invention that the spring component
can be used as a multifunctional component in the back focus
adjusting module in order to reduce the number of parts and to
facilitate the assembly of the back focus adjusting module. By
reduction of the number of parts, also the robustness of the
camera is improved, because fewer parts reduce the probabil-
ity that parts fall out from their position. Furthermore it is
possible to save or to reduce the required space, because
although the spring component provides a plurality of func-
tions, it only needs a single mechanical interface to be fixed in
the module.

In a preferred embodiment of the invention, the guiding
slot is formed together by the supporting structure and by the
spring component. In this embodiment parts of guiding sur-
faces are provided by the supporting structure, especially the
housing, and other parts of the guiding surfaces are provided
by the spring component. It is often difficult and complex to
design a housing with an integrally formed guiding slot, as the
housing must be kept detachable from the molding tool. Inthe
preferred embodiment, parts of the guiding slot are supplied
by the spring component, so that the complexity of the design
of the supporting structure, especially of the housing, is kept
low.

In a possible realization of the invention, the spring com-
ponent comprises a side guiding surface, a top guiding sur-
face and/or a bottom guiding surface of the guiding slot. It is
especially preferred that the spring component provides all
three surfaces, so that it forms a bracket for the slider or
encompasses the slider in part. The top and/or bottom guiding
surfaces represent support surfaces for the slider. In this real-
ization, the bigger part of the guiding surfaces is provided by
the spring component, so that the integration of the remaining
guiding surfaces into the supporting structure is simple.

In order to put the biasing function of the spring compo-
nents into practice it is possible that the spring component
comprises at least one, preferably two or more leaf spring
sections, which bias the component carrier. Preferably, at
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least one leaf spring section is embodied as a leg or as a tongue
with a free end, whereby the free end abut on the component
carrier. This embodiment allows constant or nearly constant
biasing forces over the possible overall travel distance of the
component carrier.

In a further development of the invention the spring com-
ponent comprises at least one flatform spring or formed leaf
spring acting as a positive-locking partner for locking the
spring component in the support structure. In this develop-
ment, the spring component realizes a further function, which
is a self-locking function in the support structure, so that
further fixing devices like screws can be omitted or are omit-
ted. This development allows an easy and quick assembly of
the back focus adjusting module. Furthermore, the spring
component is flexibly held and thus shock proofed arranged
in the support structure.

In a possible practical realization, the flatform spring is a
bended finger, which is locked in a undercut of the support
structure, especially to prevent a accidentally releasing of the
spring component in the opposite direction.

In yet a further embodiment of the invention, the spring
component comprises a positioning section and the support
structure comprises a positioning recess for accommodating
the positioning section. and for holding the spring component
in a positive-locking manner with respect to a plane perpen-
dicularto the linear direction. With the help of the positioning
section, the spring component can be easily fixed in its posi-
tion with a low tolerance.

It is especially preferred that the spring component is a
single-piece or one-piece-part. Consequently, all functional
sections are tightly fixed to each other. In a preferred realiza-
tion, the spring component is a metal sheet part, made by
cutting and bending a metal sheet. In this realization, the
spring component can be manufactured with a high precision,
low tolerances and at low production costs.

A further subject-matter of the invention is a camera, espe-
cially a surveillance camera with a back focus adjusting mod-
ule as described above for adjusting the position of the image
capturing unit of the camera. The camera may further com-
prise an interface module for communicating inside a surveil-
lance network or with a surveillance center to transfer data,
especially images or video streams or other metadata to the
surveillance center or to receive messages or instructions
from the surveillance center.

Further features, advantages and effects of the invention
will become apparent by the description of a preferred
embodiment of the invention and the figures as attached. The
figures show:

FIG. 1 anisometric view from the bottom side on an unit of
a camera as an embodiment of the invention;

FIG. 2 an isometric view from the rear side into the back
focus adjusting module of the camera in FIG. 1;

FIG. 3 abottom view onto the back focus adjusting module
in FIG. 2;

FIG. 4 a schematic front view on the transfer gear of the
back focus adjusting module in the FIGS. 3 and 4;

FIG. 5 an isometric, exploded view of parts of the back
focus adjusting

FIG. 6 aisometric view of parts of the back focus adjusting
module from the previous figures.

FIG. 1represents a three-dimensional view ofacamera 1 as
an embodiment of the invention without an external housing
and without object lens, so that only a unit 2 of the camera 1
is shown. The camera 1 and thus the unit 2 is a surveillance
camera, for example used in a surveillance network.

The unit 2 may roughly be divided into three sub-assem-
blies, namely a motorized back focus adjusting module 3 for
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adjusting the back focus of the camera 1, an image processing
module 4 including a power stack and an interface module 5.

The motorized back focus adjusting module 3 is box-
shaped and has the function to adjust the back focus of the
camera 1 by changing the distance between the object lens
(not shown) and the image capturing unit (not shown) as
discussed later. In the image processing module 4, the images
captured by the image capturing unit are pre-processed, pro-
cessed, compressed etc. It is also possible that the images are
analyzed or object detection or object tracking is performed.
The images may be realized as single images, series of images
or video streams with a plurality of images. The image pro-
cessing unit 4 comprises one or two printed circuit boards.
The power pack provides the power for the camera 1 by
converting or processing a supply voltage.

The interface module 5 provides a plurality of electric/
electronic interfaces for example for the power supply for
providing the supply voltage, a network interface for example
for communicating with a surveillance control center and for
transferring images or metadata of the images to the surveil-
lance control center.

FIG. 2 illustrates the motorized back focus adjusting mod-
ule 3 in a three-dimensional view from the backside, whereby
some components are suppressed in the drawing. FIG. 3
illustrates the same by a top view. The motorized back focus
adjusting module 3 comprises a housing 6 as a supporting
structure in which a component carrier 7 as a part of a linear
actuator 8 is arranged movably in a linear direction 9. The
linear actuator 8 further comprises a motor 10 and a gear
mechanism 11, which is adapted to convert the rotational
movement of the motor 10 into the displacement of the com-
ponent carrier 7 in linear direction 9.

On the component carrier 7 an image capturing unit (not
shown), for example a CMOS- or CCD-chip is arranged. The
housing 6 comprises a front opening 12, whereby the object
lenses (not shown), the front opening 12 and the image cap-
turing unit are aligned, so that an image is transferred by the
object lens, through the front opening 12 to the image cap-
turing device. The optical axis of the object lens is parallel or
identical to the linear direction 9, so that by moving or dis-
placing the component carrier 7 in the linear direction 9 the
distance along the optical axis between the object lens and the
image capturing unit is changed for the same amount and thus
allows to adjust the back focus of the camera 1.

The housing 6 is made of metal, but could also be made
from plastic and is for example a die casted part. It comprises
a front wall 13 and circumferential side walls 14, which form
an interior space in which the component carrier 7 is partly
accommodated. The housing 6 shows a plurality of recesses
or sections being integrally formed in the housing 6, which
will be explained in the following step by step. The housing 6
comprises two guiding slots 15 a, b extending in the linear
direction 9 which guide two rips 16 a, b integrally formed on
the component carrier 7 so that the component carrier 7 is
positively-locked and so that it can only be moved in the
linear direction 9. The metal is used for reasons of heat-
transfer function

The component carrier 7 is also made of metal, but could
also be made from plastic, especially die-casted and com-
prises a back-wall as main section 17 from which a bottom
wall 18 a and a top wall 185 extends in the linear direction
perpendicular to the main section 17 on which the rips 16 ¢, b
are formed, respectively. The metal is used for reasons of
heat-transfer function

The motor 10 is arranged on the housing 6 and transfers its
rotational movement in the gear mechanism 11. The motor 10
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is a step-motor with for example a full step-width of 18°. The
output shaft of the motor 10 is coupled with a first gear G1.

The gear 1 is coupled with a first gear unit 19a compris-
ing a gear G2 and a gear G3, which are rigidly coupled and
have the same rotation axis Al. The external surface of the
gear G1 is coupled with the external surface of the gear G2.
The diameter of the gear G2 is larger than the diameter of the
gear G3.

The gear G3 is coupled with a second gear unit 195 com-
prising a gear G4 and a gear G5, which are rigidly coupled and
have the same rotation axis A2. The diameter of the gear G4
is larger than the diameter of the gear G5. The external surface
of'the gear G3 is coupled with the external surface of the gear
G4.

The gear G5 is coupled with a third gear unit 19¢ compris-
ing a gear G6 and a gear G7, which are rigidly coupled and
have the same rotation axis A3. The diameter of the gear G6
is larger than the diameter of the gear G7. The external surface
of'the gear G5 is coupled with the external surface of the gear
G6.

The gear G7 is coupled with a transfer gear 20 comprising
a gear section 21 on the side facing the gears G1 . .. G7 and
a guide section 22 facing the component carrier 7. The gear
section 21 comprises an internal surface with a hollow gear
section which is coupled with the gear G7. The transfer gear
20 rotates around a rotation axis A4.

All axis Al, A2, A3, A4 are parallel to each other and are
parallel to the linear direction 9 and the optical axis. The gears
G1...G7 and the transfer gear 20 are spur gears and may be
coupled with each other by friction or by teeth. Based on the
diameters of the gears G1 . . . G7 and the transfer gear 20, the
number of revolutions per minute at the motor 10 side is larger
than the number of revolutions per minute at the transfer gear
20 side. The transfer gear 20 can be rotated, oscillated or
swiveled by the motor 10 and the gear mechanism 8.

As it can be best seen by FIG. 4, which is a schematic front
view on the guide section 21 of the transfer gear 20, three
guide ways 23qa, b, ¢ are formed in the transfer gear 20,
whereby each guide way 234, b, ¢ extends in a circumferential
or rotational direction. Each guide way 234, b, ¢ extends over
anangle range of nearly 120°. The height of the transfer wheel
20—also called wedge wheel—is 7 mm.

As it can be seen in FIG. 3, the guide ways 23q, b, ¢ are
sloped in the direction of their extension. The height differ-
ence from the beginning to the end of the slope in linear
direction 9 is 3 mm. All three guide ways 234, b, ¢ have the
same constant slope. The component carrier 7 comprises
three resting blocks 244, b, ¢ being integrally formed in the
component carrier 7 and extend in opposite direction to the
linear direction 9 as a resting or opposite direction, whereby
each guide way 23a, b, ¢ supports one of the resting blocks
24a, b, c.

The resting blocks 24aq, b, ¢ as resting means abut upon the
guide ways 23q, b, ¢ in the resting or opposite direction. In
case the transfer gear 20 is rotated around its rotation axis A4,
the resting blocks 24a, b, ¢ slide relative to the guide ways
23a, b, ¢ and are displaced by the slopes in the linear direction
9. As a result, the component carrier 7 is moved in the linear
direction 9.

Inthis embodiment based on the design of the motor 10, the
gear mechanism 8, the slopes of the transfer gear 20, the linear
actuator 11 allows a total displacement of the component
carrier 7 of 3 mm, whereby each step of 18° of the motor 10
results in a step of the component carrier 7 in linear direction
9 of 3 um (micrometers). The combined height of the linear
actuator 11 is only about 15 mm.
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Between the component carrier 7 and the housing 6 a
spring component 25 is arranged, which is only shown in the
FIGS. 5 and 6, which illustrate an exploded isometric and a
non-exploded isometric view of the housing 6 with the spring
component 25. The spring component 25 is a multifunctional
part and comprises a guiding section 26 and spring sections
27a, b arranged on the upper and lower side of the guiding 26.

A first function of the spring component 25 is a biasing
function. The linear actuator 11 is only capable to press the
component carrier in the linear direction 9, but is not capable
to retract the component carrier 7 in the opposite direction.
The spring component 25 pre-loads the component carrier 7
in the opposite or resting direction, so in case the linear
actuator 11 retracts, the component carrier 7 is actively
pressed in the opposite direction. Furthermore, the spring
component 25 secures that the component carrier 7 is always
in contact with the transfer wheel 20 and holds the component
carrier 7 at its position. Each spring section 274, b comprises
a leaf spring section 28a, b, which is for example leg- or
tongue-shaped and which extends parallel to the guiding sec-
tion 26 and is formed or angled in a direction towards the
component carrier 7. The leaf spring sections 28a, b, press
with their free ends, 294, b against the component carrier 7, so
that the component carrier 7 is preloaded in said opposite
direction.

The back focus adjusting module 3 comprises a slider 30,
which is a holder or a track for two optical filters 31a, b. The
slider 30 can be inserted in a guiding slot 32 of the back focus
adjusting module 3 in a sliding direction 33, which is perpen-
dicular to the linear direction 9. The slider 30 can be arranged
in two sliding positions, whereby in a first sliding position, the
first optical filter 31a, for example an IR-filter, and in a second
sliding position the second optical filter 31 b, for example a
dummy filter, is placed in the optical path between the object
lens and the image capturing unit. The slider 30 is driven by a
further motor, which is not shown in the figures.

A second function ofthe spring component 25 is to provide
guiding surfaces for the slider 30 to support or to realize a
form-locking guidance of the slider 30 in the sliding direction
33. The guiding section 26 comprises a side guiding surface
34a, a bottom guiding surface 34b and a top guiding surface
34c¢, which all three face the slider 30 in the sliding slot 32.
The side guiding surface 344 extends parallel to the slider 30
and the sliding direction 33 and is perpendicular to the linear
direction 9. The bottom and top guiding surfaces 344, ¢ are
arranged on wing sections which extend perpendicular to the
side guiding surface 34a and are bridging the guiding section
26 and spring sections 27q, b. Summarized, in a cross-section
perpendicular to the sliding direction 33, the guiding section
26 provides a u-formed guiding for the slider 30. In the
remaining or open area, the slider 30 is guided by a guiding
surface of the housing 6, so that the guiding slot 32 is formed
together by the spring component 2 and the housing 6.

A third function of the spring component 25 is a locking
function, whereby the spring component 25 is locked in the
housing 6. Each leaf section 27a, b comprises a flatform
spring 35a, b (or bended leaf spring), which is resilient or
flexible in the linear direction 9. The flatform springs 354, b
are designed to fit into undercuts 36a, b provided as recesses
in the housing 6. During assembly of the back focus adjusting
module 3, the spring component 25 is inserted into the hous-
ing 6 along the linear direction 9. In the final position, the
flatform springs 354, b realized as bended fingers snap or are
positioned in the undercuts 364, b. After releasing the spring
component 25, the flatform springs 35a, b are form-locking
members preventing a loosing of the spring component 25 in
said opposite direction.
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A fourth function of the spring component 25 is a position-
ing function, whereby the spring component 25 is realized as
a self-centering or self-positioning part. Each leaf section
27a, b comprises a positioning section 37a, b, which are
accommodated by positioning recesses 38a, b integrally
formed in the housing 6.

The positioning recesses 38 a, b are grooves, which extend
in the linear direction 9. The positioning sections 37a, b and
the positioning recesses 38a, b act as assembly aid, as the
spring component 25 is guided to its final position, and as a
form-locking mounting in the final position of the spring
component 25.

The spring component 25 is made of metal and is realized
as a one-piece metal sheet part and may be manufactured by
cutting and bending of a metal sheet.

The invention claimed is:

1. A back focus adjusting module (3) for a camera (1)
comprising

a supporting structure (6),

a linear actuator (11) with a motor (10), a gear mechanism
(8) and a component carrier (7),

whereby the gear mechanism (8) converts a rotational
movement of the motor (10) into a linear motion and
displaces the component carrier (3) in a linear direction
o),

a spring component (25) for biasing the component carrier
(7) in a direction opposite to the linear direction (9),

a slider (30) with at least one optical filter (31 a, b),
whereby the slider (30) is slidable in a guiding slot (32)
of the back focus adjusting module (3) between at least
two sliding positions in a sliding direction (33),

characterized in

that the spring component (25) provides a guiding surface
(34a, b, ¢) of the guiding slot (32) for the slider (30).

2. The back focus adjusting module (3) according to claim

1, characterized in that the guiding slot (23) is formed
together by the spring component (25) and the supporting
structure (6).

3. The back focus adjusting module (3) according to claim
1, characterized in that the spring component (25) provides at
least one of a side guiding surface (34a), a top guiding surface
(34c¢) and a bottom guiding surface (345) of the guiding slot
(32).

4. The back focus adjustment module (3) according to
claim 1, characterized in that the spring component (25)
provides at least one leaf spring section (28 a, ) for biasing
the component carrier (7).
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5. The back focus adjusting module (3) according to claim
1, characterized in that the spring component (25) provides at
least one flatform spring (35 a, ) for locking the spring
component (25) in the support structure (6).

6. The back focus adjusting module (3) according to claim
5, characterized in that the flatform spring (35 a, b) is a
bended finger.

7. The back focus adjusting module (3) according to claim
1, characterized in that the spring component (25) provides a
positioning section (37 a, b) and the support structure (6)
provides a recess (38 a, b) for accommodating the positioning
section (37 a, b), so that the spring component (25) is held in
a form-locking manner.

8. The back focus adjusting module (3) according to claim
1, characterized in that the spring component (25) is a single-
piece or one-piece part.

9. The back focus adjusting module (3) according to claim
1, characterized in that the spring component (25) is a sheet
metal part.

10. A camera (1) with a back focus module (3) according to
claim 1.

11. The camera according to claim 10, characterized in that
the guiding slot (23) is formed together by the spring com-
ponent (25) and the supporting structure (6).

12. The camera according to claim 10, characterized in that
the spring component (25) provides at least one of a side
guiding surface (34a), a top guiding surface (34¢) and a
bottom guiding surface (345) of the guiding slot (32).

13. The camera according to claim 10, characterized in that
the spring component (25) provides at least one leaf spring
section (28 a, b) for biasing the component carrier (7).

14. The camera according to claim 10, characterized in that
the spring component (25) provides at least one flatform
spring (35 a, b) for locking the spring component (25) in the
support structure (6).

15. The camera according to claim 14, characterized in that
the flatform spring (35 a, b) is a bended finger.

16. The camera according to claim 10, characterized in that
the spring component (25) provides a positioning section (37
a, b) and the support structure (6) provides a recess (38 a, b)
for accommodating the positioning section (37 a, b), so that
the spring component (25) is held in a form-locking manner.

17. The camera according to claim 10, characterized in that
the spring component (25) is a single-piece or one-piece part.

18. The camera according to claim 10, characterized in that
the spring component (25) is a sheet metal part.
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